Context: The genus Clostridium, which consists of spore-forming anaerobes, can cause different diseases in domestic animals and human and some of them are serious and fatal. According to the increasing economic value of the meat and milk-producing animals, the importance of a certain number of such diseases in Iran is unquestionable. Evidence Acquisition: In Iran, and probably in other Near East countries, much attention was formerly paid to control more serious contagious diseases, such as rinderpest, anthrax, etc. resulting in the negligence of diseases such as enterotoxaemia. The epizootiological position has now changed whereby some of the contagious diseases are eradicated or are being methodically controlled. Now it is time to care about the other problems such as clostridial diseases, which threaten the health of the sheep and cattle. It is impossible to eradicate these infectious microorganisms, since they are normally found in the soil and the intestinal contents of apparently healthy animals. Therefore, it is necessary to resort to vaccination which in some cases has given encouraging results. To avoid the losses from such infections it is necessary to have the best possible vaccination information, methodically and regularity of the susceptible animals. Conclusions: This review refers to the veterinary aspects of the anaerobic clostridial diseases and vaccine development concerning the works carried out in Iran and especially at the Razi Serum and Vaccine Research Institute in the last eight decades.
Context
Clostridia are large, anaerobic, rod-shaped, and Grampositive spore forming bacteria of highly polyphyletic class of Firmicutes. These bacteria are found either as vegetative forms or dormant spores. Soil and intestinal tract of animals, and human are their natural habitats. Dormant spores of several Clostridium species are found in healthy muscular tissue of horses and cows. Differentiation of the various pathogenic and related species is based on diagnostic characteristics of biochemical reactions, morphology of spore shape and position, and also the antigenic specificity of toxins or surface antigens (1) . Pathogenic strains or their toxins may be acquired by susceptible animals either by wound contamination or ingestion. In many parts of the world, clostridial diseases are a constant threat to successful livestock production. The genus Clostridia is divided to histotoxic and neurotoxic Clostridia (2) . The members of histotoxic Clostridia are invasive and cause extensive destruction of muscle and connective tissue and are characterized by the formation of gas, including Clostridium chavoei, C. colinum, C. hemolyticum, C. novyi, C. perfringens, C. septicum and C. sordellii. The neurotoxic Clostridia including C. botulinum and C. tetani, C. difficile and C. spiroforme are noninvasive and produce neurotoxin (3) .
In Iran, clostridial infections are among the most important diseases of cattle and sheep. Among the various diseases caused by these groups of bacteria, lamb dysentery, struck, pulpy kidney and black disease in sheep and blackleg in cattle are often observed in the country. Strains of C. perfringens types B, C and D, C. oedematiens types B and D, C. chauvoei and C. septicum from the specimens of infected animals are isolated at the Razi Serum and Vaccine Research Institute in Iran (4).
Evidence Acquisition

Genus Clostridium and Associated Diseases
Clostridium perfringens is a Gram-positive, rod-shaped, anaerobic, spore-forming, and heat-resistant bacterium of genus Clostridium that has capsules, and the ability to produce heat resistant spores under improper environmental conditions, and is also a secondary pathogen in diseases such as necrotic enteritis (5, 6) . Clostridium per-fringens has 118 species and is classified into five isotypes (A, B, C, D, and E) based on producing four major toxins, iota (iA), alpha (cpa), beta (cpb) and epsilon (etx) (7, 8) . Clostridium botulinum, C. difficile, C. perfringens, and C. spiroforme, can cause enteric problems in animals as well as humans. These diseases, which are often fatal, are partly attributed to binary protein toxins that follow a classic AB paradigm. All clostridial binary toxins destroy filamentous actin via mono-ADP-ribosylation of globular actin by a component within a targeted cell (9) . Complete genome sequence of C. perfringens was reported in 2002 (10) . Table 1 shows different types of C. perfringens and their major toxins.
Clostridium perfringens toxin type A strain that produce alpha toxin (CPA) is the most common type of C. perfringens and is a member of the normal intestinal flora of warm-blooded animals. This microorganism causes gas gangrene, food poisoning, and gastrointestinal illness in humans, necrotic enteritis in chickens, yellow lamb disease in sheep, enteritis, abomasitis (abomasal bloat) and enterotoxaemia in goats, cattle, pigs and horses (11, 12) .
Clostridium perfringens type D is the causal agent of enterotoxaemia of sheep. It was first described by Lucey and Hutchins (13) . This organism produces several major and minor toxins. Epsilon toxin is a major lethal toxin produced by C. perfringens types B and D (14, 15) . In 1933 it was named Epsilon (16). It is responsible for a rapidly fatal enterotoxaemia in economically important livestock (17) . In the small intestine of the infected animals, the toxin is produced in the form of prototoxin activated by proteolytic enzymes as well as other proteolytic enzymes in vitro in the small intestine (18, 19) . Prototoxin activation by trypsin is due to cleavage and removal of a small 14-amino acid peptide from the amino terminal (20) . There is a tryptophan residue and a histidyl residue in the structure of epsilon toxin which are respectively important and essential for its lethal activity (21) . Recently, Clostridium perfringens type D epsilon toxin gene was cloned and expressed in E. coli and its immunization response was tested in vivo. Results showed good protection against native epsilon toxin (22, 23) .
Clostridium perfringens type B belongs to enterotoxaemia is a major problem of veterinary sciences. Beta toxin produced by C. perfringens types B and C, is the major toxin of these types and causes inflammation and bloody necrotic enteritis and fatal diseases originating in the intestines of humans or live-stock (24, 25) . It is known to aid in the lysis of endothelial cells by forming pores in the cell membrane (26) . This function is necessary both for necrotizing enteritis and lethal enterotoxaemia caused by type C isolates (27, 28) . A 17-protein exotoxin is produced by this bacterium which four of them are major (alpha, beta, epsilon and Utah), and the others (sigma, theta, kappa, lambda, mu, nu, neuraminidase and enterotoxin) are minor toxins (29) . In 2012, in Brazil a vaccine was produced in E. coli (rBT) based on a beta toxoid of C. perfringens type C. The non-toxic rBT was innocuous for mice and induced 14 IU/mL of beta antitoxin in rabbits, which was complying with the European Pharmacopeia and CFR9-USDA guidelines (30) .
The enteric toxins of C. perfringens showed two general characteristics 1st, beta and epsilon toxin are pore-forming toxins, and 2nd, iota and TpeL (31) modify an intracellular target. These enteric toxins are involved in the pathogenesis of avian enteric necrosis disease (24) .
Clostridium septicum is a large anaerobic, Gram-positive, rod-shaped and fermentative bacterium of genus Clostridium. Terminal spore gives the bacterium a drumsticklike shape while holding and peritrichous flagella enable the bacterium to be motile. C. septicum is a member of the normal gut flora in humans and other animals; therefore, it can cause different diseases both in humans and animals. Clostridium septicum can produce and secrete a number of toxic proteins such as alpha, beta, gamma and delta. Alpha toxin that is the lethal cytolytic and the major virulence factor appears to be its immunodominant extracellular antigen (32, 33) .
Clostridium chauvoei, (C. feseri) is an anaerobic, spore forming, motile, and polymorph bacteria, which its size varies from 0.5 -1 to 3 -8 micron and could be observed as individual bacterium, diplococcus, and rarely streptococcus (34) . Blackleg is a fatal disease of young cattle. It produces an acute local infection, and the resulting blood poisoning leads to rapid death. Clostridium chauvoei and, less frequently, C. septicum are most commonly the responsible organisms. Vaccination is the only effective means to control blackleg disease. Several kinds of vaccine are commercially available (4). 
Black disease or infectious necrotic hepatitis is an acute toxemia of sheep, cattle and occasionally pigs caused by the alpha toxin of C. oedematiens type B (C. novyi), which is a Gram-positive, endospore-forming, obligate anaerobic bacteria of the class Clostridia. It is ubiquitous, being found in the soil and faeces. This bacteria is pathogenic, causing a wide variety of diseases in man and animals. C. novyi alphatoxin belongs to the family of large clostridial cytotoxins, which act on cells through the modification of small GTPbinding proteins. The distribution of the disease is worldwide and is always fatal in sheep, cattle and pigs (35) .
Clostridium difficile, one of the most important anaerobic of genus Clostridium, is a prevalent factor that can lead to antibiotic associated diarrheas. This bacterium is the causative agent of pseudo membrane colitis. The role of this bacterium along with the overuse of antibiotics is proved to result in colitis. Toxins A and B are the major virulence factors of these bacteria (36).
Isolation and Specification of Different Species of Genus Clostridium in Iran
In Iran, the clostridial infections among domestic animals were reported first in 1938 during an outbreak of blackleg of cattle. The disease was found in many parts of the country especially on wet bottom lands, low hilly and sandy areas. Several sporadic outbreaks so far had been reported from different parts of the country; however, the most severe one occurred in August 1968 among herds of cattle in Southern Iran (34) . Fifteen strains of C. chauvoei were isolated from the specimens received for laboratory diagnosis at anaerobic vaccine research and production department.
Further studies proved that the clostridial infections were widespread all over the country. The first strain of C. Perfringens type D was isolated from cases of enterotoxaemia of lamb and sheep in 1954 (37) . Later on, the infections caused by C. Perfringens Iranian variant type B was isolated in 1954 from intestinal contents of enterotoxaemia of sheep and goats. Three strains of C. welchii type B were isolated which were different from the classical type B strains in the production of (kappa) and non-production of (lambda) and hyaluronidase toxins. Two of the strains were isolated from young goats and the other one from an adult sheep (38) . Clostridium perfringens type C was isolated in 1971 from cases of necrotic enteritis of piglets (39) and enterotoxaemia of sheep. The first strain of C. septicum from cases of gas gangrene (malignant edema) in cattle was isolated in 1971.
Black disease is an acute and fatal disease of sheep and goats in Iran. Fifty one strains of C. oedematiens types A, B, and D were isolated and typed from liver lesions received from different parts of the country. Isolation and rapid identification by fluorescent labeled antibodies, typing, sugar fermentation, toxicity and hemolytic activity of the isolated strains were used for more than 330 suspected livers received to diagnose black disease from different parts of the country. Results showed that 187 cases were positive (40) . Clostridium oedematiens type B strain, causative agent of black disease of sheep, was first isolated in 1969 and C. oedematiens type D was also isolated from cases of liver necrosis in sheep (41) .
In 1988, a putrefied carcass of a dairy cow was submitted to Razi Institute. A necropsy was performed, but the internal organs were decomposed. Smears prepared from liver tissue and the Gram staining showed many Gram-positive rod-shaped bacilli, some of them with ovoid or elongated sub-terminal spores (42) . In 1997, seventeen C. perfringens strains isolated by post mortem from sheep and goats, were examined by biochemical tests and enzyme immunoassay (EIA). Seven of these strains belonged to type B, eight strains were type D, one strain was type A, and one strain was untypable. To identify the Iran subtype of C. perfringens type B, the isolated strains were examined for Minor Toxin Lambda (proteinase). The results were compared to the characteristics of C. perfringens reference strains (43) .
In 1999 specimens of pathological tissues of cattle were examined to identify the malignant edema causal agents. Nineteen specimens out of thirty-eight were positive and fluorescent antibody analyzing showed three strains of C. septicum, four strains of C. chauvoei, and one strain of C. oedematiens. Fermentation tests showed that eleven of the isolated strains were C. perfringens and they were all type A (44). Several suspected cases of anaerobic diseases from different parts of Iran were studied and intestine contents of fish, cattle and sheep, were examined for different types of C. perfringens. Results showed that 104 isolates out of 110 specimens were identified as C. perfringens type A (45).
Vaccination Against Clostridial Diseases
Vaccination is frequently practiced to protect animals against clostridial diseases and seems to be the most effective way to control C. perfringens diseases. However, the industrial production of clostridial toxins is laborious. Wide varieties of vaccines are available, in the form of bacterins, toxoids, or mixtures of bacterins-toxoids. Single vaccination with most clostridial vaccines does not provide adequate levels of protection and a booster dose within three to six weeks is needed. Since young animal vaccination dose is not adequate for protective immunity until at least until the age of one to two months, therefore, most vaccination strategies target the pregnant dam therefor the maximal immunity is transferred to the neonate in colostrum. The clostridial vaccines often cause tissue reactions and swelling and should be administered in the neck and by the Subcutaneously rather than the intramuscular (IM) route. Most commercial vaccines are inactivated and may contain two to eight combinations of clostridial bacterins/toxoids. These should be optimally timed for provision of maximal protection at the most likely age of susceptibility (46).
Clostridial Vaccine Production for Veterinary Use in Razi Institute
In 1976, large-scale production and the standardization of polyvalent C. perfringens vaccine in Iran was started. Based on this report over 20 million doses of this vaccine was produced and utilized in Iran every year. Certain modifications were made to the culture media used in the animal anaerobic bacterial vaccine Department of Razi Institute to produce this vaccine at low cost. The prepared vaccine was highly immunogenic as determined by the laboratory examination on the quality of the vaccine according to British Veterinary Codex and the field reports (4) and European pharmacopoeia (47) .
A report in 1988 revealed that two types of clostridial vaccines had been prepared and tested in rabbits and sheep according to the british pharmacopoeia (BP) and field reports; one including C. perfringens types, B, C, D and C. oedematiens and the other one including C. chauvoei. Both vaccines had developed adequate antibody titer in the injected animals (48) .
In 1992, attempts were made to produce and formulate the ingredients of a culture medium suitable to obtain a highly immunogenic C. oedematiens type B vaccine to immunize sheep and goats against black disease. Largescale production of C. oedematiens toxin was achieved in a special culture medium. The prepared vaccine was diluted to concentrations of 20%, 40%, 60% and 80% of antigens, and precipitated using adjuvant. The potency test of the prepared vaccine was determined according to the BP. Maximum titer was obtained at 80% with the level of 33 units per milliliter of alpha antitoxin in rabbit pooled serum (RPS). The obtained alpha antitoxin was 20, 16 and 8 units per milliliter for 60%, 40% and 20% of diluted antigen in RPS, respectively. Sheep were vaccinated in the areas affected by black disease. Reports on the field indicated that black disease in sheep had been effectively controlled by this vaccine in Iran (49) .
Clostridium chauvoei and, less frequently, C. septicum are most commonly the responsible organisms for blackleg disease. Vaccination is the only effective means to control blackleg disease. Several kinds of vaccine are available commercially. It was that blackleg vaccine was produced in the traditional manner in Razi Institute for four decades until 2005; then, because of the enhanced demand of the country, it was decided to improve the production procedure of this vaccine using a large-scale fermenter; therefore, C. chauvoei was adapted for growth and proliferation in the fermenter to prepare a potent vaccine. Accordingly, attempts were made to prepare and formulate the ingredients in order to obtain high yield of C. chauvoei in the culture medium by the fermenter. Results showed high yield of C. chauvoei suspension in the fermenter after 10 hours, using enriched culture medium (more than 1,480,000,000 organisms/mL), but no significant changes were obtained in the condition of glass bottles compared to that of the fermenter. The safety and potency of the prepared vaccine was satisfactory in sheep and guinea pigs according to British Pharmacopoeia (veterinary). Since this research was successfully conducted in Razi Research Institute, and enriched culture medium fermenter is currently used to produce the mono-valent inactivated blackleg vaccine to immunize cattle in Iran (50) .
Concentrated blackleg vaccine was prepared according to the method described by food and agriculture organization (FAO). The medium (modified medium to produce experimental C. chauvoei vaccine by fermenter) including peptone, glucose, sodium chloride, cysteine hydrochloride and yeast extract was prepared by fermenter and inoculated by C. chauvoei strain to prepare blackleg vaccine. Aluminum hydroxide gel was used as adjuvant to the high yield vaccine. The vaccine was also concentrated by precipitation method. None of the tested animals showed any local or general adverse reactions. All of the vaccinated guinea pigs resisted the challenge with 4four minimum lethal dose (MLD) of virulent C. chauvoei (51) . Table 2 shows the clostridial vaccines manufactured for veterinary use in Razi institute.
The effects of enterotoxaemia vaccine, manufactured by Razi Institute, on reducing isolates of intestinal Clostridia genus specifically C. perfringens were studied. Sheep dung samples were randomly collected from 10 areas in Kerman, Iran. Following processing and culture the samples were processed and cultured, and colonies were identified; C. perfringens were isolated from (54.0%) 27 out of 50 unvaccinated sheep and (2.2%) 2 out of 90 vaccinated sheep; isolates were analyzed by multiplex Polymerase Chain reaction (PCR). Genotyping of two strains, isolated from the vaccinated sheep, indicated that the strains were type D, while the strains isolated from the unvaccinated sheep were types A, B, C and D; 14.8%, 22.2%, 40.7%, 22.2%, respectively. No isolates contained iota gene (type E). Results showed that vaccination against enterotoxaemia had a significant effect (P < 0.01) on reducing C. perfringens isolates. Occurrence of the disease in the vaccinated and unvaccinated groups was 3.3% and 64.0% (P < 0.01), respectively (52). 
Molecular Biology Studies on Clostridium to Produce Vaccine in Iran
A genetic construct containing C. perfringens epsilon and beta toxin genes was produced in 2013. Epsilon and beta toxin genes were fused using a small linker sequence. And the fusion gene was expressed as a soluble protein in E. coli and its immunogenicity was studied in mouse. The recombinant cell lysate was used for immunization studies in mouse. Potency of the toxin (as an antigen) induced 6 and 10 IU/mL of epsilon and beta anti-toxin in rabbit, respectively. In conclusion, E. coli is a suitable expression host for immunogenic epsilon-beta fusion toxin of C. perfringens (53) . C. perfringens type A alpha toxin gene cloned in E. coli as a candidate for recombinant vaccine production was described in 2014. High molecular weight genomic DNA of C. perfringens type A was isolated and cpa was amplified using one pair of primers. The 1,094 base pair gene was ligated into 2,974 bp pJET1.2 blunt recombinant vector and 4,068 bp pJETAα recombinant vector was produced. After extraction of pJETAα recombinant cloning vector, Nucleotide sequence and a 364-amino acid protein sequence was deposited into the GenBank. In silico analysis of these sequences showed several putative conserved domains (46) .
In 2014, molecular cloning and sequencing of C. septicum vaccine strain alpha toxin gene was studied. After extraction of genomic DNA and amplification of the target gene through polymerase chain reaction by specific primers, pJETαsep cloning vector was produced and E. coli/TOP10 competent cells were transformed. Then pJETαsep recombinant plasmid was purified and sequenced using universal primers. Sequencing and BLAST analysis of csa showed over 99% identity to other previously deposited csa in the GenBank. The csa sequence was deposited into the GenBank under access number JN793989. E. coli/TOP10/pJETαsep as a recombinant bacterium could be used to purify the recombinant csa gene and its expression in the suitable prokaryotic hosts (54) .
1n 2012 in Iran, a single PCR assay was developed and used to detect cpb2 gene and identify the Beta2 harboring isolates among different types of C. perfringens isolated from animal enteric diseases. The obtained results showed that cpb2 presents among C. perfringens isolates types A, B, C and D with 54.5% (6/11), 62% (13/21), 42.8% (6/14), and 69.25% (9/13), respectively. Totally, 34 of 59 (56.7%) isolates screened by PCR were cpb2-positive (55) .
The effects of C. perfringens type D prototoxin and toxin on the mouse body weight was evaluated. After preparation of the filtrated and freeze dried crude prototoxin, three series of experiments were set up. First, MLD/mL was determined and according to MLD, 50% end point (LD 50 ) was determined. Finally, different concentrations of activated freeze dried prototoxin were injected to the mice with 18 to 20 g body weight. Body weight decrease was observed two days after injection while no body weight decrease was observed in the control group. The results indicated that the activated C. perfringens culture filtrate temporarily inhibits mouse general metabolism. Since the secreted prototoxin is activated in the small intestine of the infected animals, vaccination of the domestic animals at the right time and using the right vaccine could prevent these effects (56) .
Since 1892 that William Welch discovered Bacillus aerogenes capsulatus, Nov. Spec. (a gas-producing Bacillus) (57), and described its distribution (58) and after that Morton in 1928 reported phlegmonous gastritis that was originated by this bacterium (59), scientists and researchers are working on eradication of this bacterium, since it is normally found in the soil and the intestinal contents of apparently healthy animals. Therefore, it is necessary to resort to vaccination which in some cases has given encouraging results.
Razi Vaccine and Serum Research Institute was funded in 1925 and started vaccine production against Rinderpest. In Iran, enterotoxaemia was recognized in sheep in 1938. For the first time, the disease was found in the imported merinos, but, later, it was found in the fat-tailed sheep in the country. The 1st report on anaerobic clostridial whole culture formalized vaccine in Iran was published in 1961. In the last five decades, conventional anaerobic vaccine is produced to control clostridial diseases. Therefore, up to now it is about eight decades that anaerobic diseases are studied and anaerobic vaccines are produced in Razi Institute. Hence, inducing immunity against Clostridium species has been achieved in Iran. Furthermore, research and development on these vaccines and also in the field of molecular biology of different Clostridium vaccine strains are continually done and anaerobic toxoid vaccines are produced in Razi Institute.
Conclusions
At the present time there are no licensed clostridial vaccines which protect against either gas gangrene or epsilon-toxin in humans. However, it seems that the vaccines developed for animals, have the potential to be developed for humans (60) .
Tetanus toxoid is commonly used as a single vaccine in horses but often a common combination of tetanus toxoid plus C. perfringens types C and D is used in sheep, goats, and cattle. However, tetanus toxoid is not used for animals in Iran. In cattle, a frequently used combination in feedlots is a 4-way vaccine that consists of killed cultures of C. chauvoei, C. septicum, C. novyi, and C. sordellii to protect against blackleg and malignant edema. In Iran, blackleg vaccine against C. chauvoei is used for cattle. A more complex clostridial vaccine that contains C. perfringens types C and D plus Iranian variant type B (34) in addition to the C. septicum vaccine (braxy vaccine) is used to protect sheep and goats against enterotoxaemia as well. The addition of C. haemolyticum extends the protection to include infectious necrotic hepatitis but it is not used in Iran.
